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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth commonest malignancy globally.
[1] Rupture of HCC is the third commonest presentation of this condition, with an incidence of 3-15% and an associated in-hospital mortality of up to 75%.
[2-4] The pathogenesis of HCC rupture includes increased pressure within the tumour, rapid tumour growth or necrosis. This situation might be exacerbated by the presence of liver cirrhosis with concurrent thrombocytopenia and coagulopathy.
[5]
The treatment for ruptured HCC is determined by the haemodynamic stability of the patient. [6] In the presence of haemodynamic stability, non-operative management with close monitoring is gold standard care. [7] However, when there is haemodynamic instability, several treatment options are available. These include non-operative procedures such as transarterial embolisation or absolute alcohol injection, and surgical intervention (perihepatic packing, hepatic artery ligation, suture ligation, radiofrequency ablation or hepatic resection).
[ [8] [9] [10] [11] [12] Despite the multiple treatment options for ruptured HCC, there remains no consensus on the optimal approach for these patients.
The advantage of one stage emergency liver resection is the spontaneous control of haemorrhage with definitive management of the HCC. Emergent operation can also reduce the duration of peritoneal seeding of ruptured HCC tumour cells by lavage with water at operation. [13, 14] However, emergent operative intervention must be balanced against the high mortality rate of up to 40% [15] consequent to the lack of pre-operative objective assessment of functional liver reserve and extent of disease burden, hypovolaemic shock condition and coagulopathy.
[ 16] As a result, the alternative option of staged liver resection after initial haemorrhage control with trans-arterial embolisation (TAE) is offered in some centres. This allows for subsequent assessment of functional liver reserve and operation under elective circumstances. The success of TAE haemostasis is 50-100%, with a risk of liver failure of up to 33%. Additionally, the 30-day mortality after TAE is lower compared to emergent hepatectomy (0-9% vs. 0-37%).
[16]
The survival benefits of two-stage liver resection over emergent hepatectomy remain controversial. Liu et al. [15] concluded that survival after two-stage liver resection post-HCC rupture was inferior compared to patients who did not have this complication, whereas Yeh et al. [17] found that ruptured HCC had similar overall survival rates compared to non-ruptured HCC but inferior disease-free survival rates. Mizuno et al. [18] noted that there was no difference in overall survival between ruptured and non-ruptured HCC.
In this retrospective single-centre study, the short and long term outcomes of patients who underwent emergency and interval hepatectomy for ruptured and resectable HCC were analysed.
METHODS
Patients with a diagnosis of ruptured HCC presenting between April 2004 and October 2015 to our hospital were retrieved from the in-house prospectively maintained hepatectomy database. The clinical data of these patients were collected and analysed retrospectively. In addition, the hepatectomy histopathology results were reviewed to confirm HCC rupture.
Due to the prospective nature of the database, some patients had just undergone hepatectomy and had not had sufficient follow-up period so were excluded for data analysis. Patients with intra-operative findings of incidental peri-tumoural haematoma suggestive of previously ruptured HCC were excluded. Emergency hepatectomy was defined as liver resection within 48 h of the clinical or radiological diagnosis of HCC rupture. Some patients were referred to our hospital after haemodynamic stabilisation at the parent hospital using TAE. These patients were included in the emergency hepatectomy group if they proceeded to liver resection within 48 h of first presentation of HCC rupture.
TAE was performed by experienced interventional radiologists with selective cannulation and then embolisation of the tumour-feeding artery with gelfoam particles. Surgical intervention was indicated when TAE failed to achieve adequate haemostasis. An experienced team of hepato-biliary surgeons performed hepatectomy. Hepatic parenchymal transection was undertaken using an ultrasonic dissector and TissueLink (Medtronic, Ireland) radiofrequency dissector. Intermittent Pringle manoeuvre might be applied during hepatectomy. The clinical decision algorithm for ruptured HCC as utilised in the author's institution is shown in Figure 1 .
Post-operative follow-up of hepatectomy included ultrasound at 3 months and contrast triphasic computed tomography (CT) at 6 months with 3-monthly monitoring of serum alpha-fetoprotein and liver function test for 2 years, then 6-monthly thereafter. Supplementary CT was done in the presence of raised serum alpha-fetoprotein or suspicion of HCC recurrence on ultrasound. Recurrent HCC was diagnosed with radiological imaging (CT or positron emission tomography CT) to identify the location of intra-hepatic recurrence, tumour disease burden and the presence of extra-hepatic disease recurrence. Treatment options for recurrent HCC included further liver resection, local ablation therapies, transarterial chemo-embolisation (TACE), external beam radiotherapy, systemic chemotherapy or targeted immunotherapy. A multi-disciplinary team decided on treatment, taking into account the patients' liver functional status, recurrence pattern and comorbidities.
Statistical analysis was performed with independent t test for continuous variables and chi-square test was used to compare discrete variables. Kaplan-Meier analysis was used to estimate overall survival between emergency and interval hepatectomy groups. Overall survival was defined as the time from hepatectomy until death from any cause, or until the observation period was completed. Survival data were censored on November 7th, 2015. Statistical significance was defined as a P value < 0.05 and statistical calculations were performed on SPSS 22 software (IBM).
RESULTS

Preoperative demographics
Thirty patients underwent hepatectomy for ruptured resectable HCC. Nine (30%) patients underwent emergency hepatectomy with a median time to operation of 0 days (range 0-2). For interval hepatectomy, median time to operation was 19 days (range 3-49). The median age for patients who underwent emergency hepatectomy was 56 years compared to 54 years in the interval hepatectomy group (P = 0.13). There was a similar distribution of male patients in both groups (89% vs. 90%, P = 0.66). The pre-operative haemoglobin (10.1 vs. 12.0, P = 0.07) and platelet count (171 vs. 220, P = 0.11) were lower and creatinine was worse (102 vs. 87, P = 0.32) in the emergency hepatectomy group but this did not reach statistical significance. There were no significant differences in pre-operative international normalized ratio and bilirubin levels between the two groups.
Eight (89%) and 18 (90%) patients in the emergency and interval hepatectomy groups were hepatitis B virus positive, respectively (P = 0.66). There was more severe liver dysfunction in the emergency hepatectomy group, with higher pre-operative Child-Pugh grade (P = 0.04, Table 1 ).
Five (56%) patients underwent pre-operative TAE in the emergency hepatectomy group compared to 10 patients (48%) in the interval hepatectomy group (P = 0.5). Two patients in the emergency group had failed embolisation due to small collateral vessels, whereas 4 patients had unresponsive shock despite adequate fluid resuscitation and proceeded to emergency hepatectomy without prior TAE.
Operative characteristics
In the emergency hepatectomy group, all patients underwent anatomical resection (5 left lateral sectionectomies, 2 left hepatectomies and 2 right hepatectomies) compared to 15 (76%) in the interval group (3 left lateral sectionectomies, 2 left hepatectomies, 9 right hepatectomies and 1 caudate lobectomy) (P = 0.07). The mean HCC tumour size was larger (10.5 vs. 8.3 cm, P = 0.17) in the emergency hepatectomy group. emergency and interval hepatectomy groups were 200 ± 71 and 276 ± 83 min respectively (P = 0.02). Total blood loss (3,000 vs. 850 mL, P = 0.002) and the mean total units of red blood cell transfusion (1.9 vs. 0.5 units, P = 0.27) were greater in the emergency hepatectomy group [ Table 2 ].
Post-operative outcomes
The post-operative complication rate was 44% and 38% in the emergency and interval hepatectomy groups respectively (P = 0.53). One patient in the interval hepatectomy group required pigtail drainage of pleural effusion. The median total length of hospital stay was 10 and 12 days respectively (P = 0.07) with no 30-day mortality in both groups [ Table 2 ].
The median time to intra-hepatic recurrence was 7.8 months in the emergency hepatectomy group and 5.0 months in the interval hepatectomy group (P = 0.12).
The median time to extra-hepatic recurrence was 6.8 and 9.7 months (P = 0.59), to earliest recurrence was 6.8 and 5.6 months (P = 0.74, Figure 2A ) and overall survival was 29 and 15.7 months (P = 0.25, Figure 2B ) respectively. Survival rates were 78%, 45%, 0% and 85%, 43% and 5% at 1, 3 and 5 years in the emergency and interval hepatectomy groups respectively [ Table 2 ].
In the present study, patients who underwent emergency hepatectomy had more pulmonary recurrence (33% vs. 19%) compared to the interval group at followup. Additionally, the time to intra-hepatic recurrence 
DISCUSSION
Rupture of hepatocellular carcinoma (HCC) is a rare but life-threatening complication of HCC, and is associated with a high mortality rate (up to 75%) in the acute phase due to a combination of hypovolemic shock, coagulopathy and subsequent hepatic failure.
[19,20]
The risk factors for HCC rupture are multifactorial, and include rapid tumour growth with necrosis, vessel erosion or venous thrombosis by tumour cells.
[16,21]
Additionally, left lobe tumours might be more inclined to rupture due to the smaller anatomical span of the left lobe. Bassi et al. [23] commented that rupture of HCC which were located at the free surfaces of the liver can result in bleeding into the peritoneal cavity due to the lack of hepatic parenchyma covering the tumour. Kanematsu et al. [24] showed that tumour protrusion was a risk factor for its subsequent rupture, whereas 
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Li et al. [25] identified tumours located in segments II, III and VI to be associated with its rupture. Furthermore, tumour rupture can occur in both large and small HCCs.
[8] Chan et al. [26] found that ruptured HCC was associated with more aggressive disease compared to non-ruptured HCC as evidenced by higher tumour marker titres, higher rates of micro-vascular invasion and tumour multifocality. Zhu et al. [5] found that tumour size > 5 cm, hypertension, liver cirrhosis, vascular thrombus and extra-hepatic invasion were predictive of spontaneous HCC rupture on multivariate analysis.
In the present study, emergency hepatectomy was defined as liver resection within 48 h of the clinical or radiological diagnosis of HCC rupture. In the published literature, there are no guidelines on the optimal time for emergency operative intervention for ruptured HCC. Whilst an arbitrary method to distinguish hepatectomy into same admission liver resection (emergency group), and hepatectomy during second hospitalization (elective) is valid and clinically practical, we undertook this subgroup analysis and found that the there was considerable overlap between emergency and interval hepatectomy groups in terms of the time interval from onset of ruptured HCC to liver resection (data not shown). However, the use of the 48-h time interval resulted in eliminated this overlap.
The indications for emergency hepatectomy comprised of patients with CT confirmed ruptured HCC that presented with hypovolaemic shock, which was refractory to adequate fluid resuscitation and with failed trans-arterial angiogram and embolization of the ruptured HCC. Patients who remained haemodynamically unstable for angiogram were transferred to the operating room. The liver function and CT were assessed for feasibility of safe and curative hepatectomy prior to proceeding with emergency operation.
The patients who underwent emergency hepatectomy had worse preoperative Child-Pugh grade, larger tumour size, greater operative blood loss and blood transfusion requirements and higher rates of anatomical resection but shorter operative times compared to the elective hepatectomy group. In the post-operative period, the complication rate was higher in the emergency group (44% vs. 38%) but there were no 30-day mortality or requirement for re-operative intervention in both groups. Emergency hepatectomy for ruptured HCC in patients with Child-Pugh C cirrhosis is associated with significant peri-operative mortality as reported in other case series, [20, 23, 27] but in this present study, 2 patients with Child-Pugh C cirrhosis underwent emergency hepatectomy without 30-day mortality. The favourable post-operative outcomes might be related to the short operation time (mean 146 min), small transection area (mean 35 cm 2 ) and no pre-operative angiogram and embolisation.
The main objective of ruptured HCC treatment is haemorrhage control whilst preserving as much functional liver tissue as possible. The management of ruptured HCC is challenging and multiple treatment options are available, dependent on the clinical condition and haemodynamic stability of the patient. [7] TAE is the preferred method for non-operative haemostasis of ruptured HCC.
[20,30] TAE can function as definitive palliative therapy or act as a bridge to interval hepatectomy.
[23,27,31] However, whilst TAE may achieve haemostasis of the tumour haemorrhage, there are risks of re-bleeding, liver abscess and this intervention cannot treat the tumour cells that have seeded the peritoneal cavity.
[32] Surgical intervention for ruptured HCC is indicated when haemostasis with TAE has been unsuccessful. Yang et al. [33] reviewed the outcomes of 132 patients with ruptured HCC, of which 17 patients underwent emergency hepatectomy and 11 patients had TAE then interval hepatectomy. There were no 30-day mortality and 1-year survival rates were 56.3% and 63.6% respectively. The median overall survival was 13.0 and 14.6 months. In the present series, 1-year survival was 78% and 85%, with overall median survival of 29 months in the emergency hepatectomy group compared to 15.7 months in the interval group (P = 0.25).
Zhang et al. [29] reported on the impact of interval hepatectomy or repeat TACE after successful TACE for ruptured HCC. One hundred and twenty-six cases of ruptured HCC underwent TAE for haemostasis of which 74 had interval hepatectomy. The 90-day mortality rate was 6.8% in the hepatectomy group and 7.7% in the TACE group (P = 0.84), all of whom died from tumour recurrence. The 1-, 3-, 5-year survival rates were 85.1%, 63.5% and 37.8% in the hepatectomy group compared to 69.2%, 46.2% and 17.3% in the TACE group (P = 0.004).
Dissemination of ruptured HCC tumour cells into the peritoneal cavity is one argument for proponents of emergency hepatectomy for ruptured HCC. Zhang et al. [29] reported an 11.8% incidence of peritoneal disease in their series of ruptured HCCs. In the present study, there was an 11% peritoneal recurrence rate in the emergency hepatectomy group compared to 29% in the interval hepatectomy group (P = 0.27). The mean time to peritoneal recurrence was 6.4 and 6.4 months (P = 0.55) in the emergency and interval hepatectomy groups respectively. This 11% peritoneal recurrence rate was similar to that of hepatectomy for non-ruptured HCC as reported by Jianyong et al. [36] In Chan et al. [26] of interval hepatectomy for ruptured HCC, they found an intra-hepatic recurrence rate of 23.8% and extrahepatic recurrence rate of 17.9% (n = 77). Additionally, peritoneal recurrence was 14.9% compared to 9.9% in a matched non-ruptured HCC group (P = 0.5).
Hiraoka et al. [37] found a peritoneal recurrence rate of 7.7% in their case series. Other researchers have also noted no increase in the incidence of peritoneal metastases after ruptured HCC.
[18,38] Moreover, there are reports to suggest that patients with peritoneal recurrence after hepatectomy for HCC have no prior evidence of HCC rupture.
[39 ] These results suggested that intra-peritoneal tumour cell implantation might not be a common event. Although peritoneal recurrence of HCC can be managed by radical surgical resection, in the present case series, all the patients with resectable peritoneal recurrence opted for non-surgical treatments.
In this study, the median time to extrahepatic recurrence was shorter in the emergency hepatectomy group, with no statistical difference in overall survival. There were no statistical differences in the tumour size, vascular involvement, resection margins or degree of cirrhosis, to explain the mechanisms for earlier extrahepatic recurrence in the emergency hepatectomy group (data not shown). Whether there is increased haematogenous spread of HCC tumour cells at the time of emergency compared to interval hepatectomy with subsequent extrahepatic seeding and HCC recurrence is a concept that this study cannot answer.
Yang et al. [40] reported on the outcomes of 143 patients who underwent emergency (n = 28) or interval hepatectomy (n = 115) for ruptured HCC. Interestingly, they found that the recurrence-free survival (23%, 9% and 9% vs. 45%, 26% and 16% at 1, 3 and 5 years, P = 0.025) and overall survival (50%, 8% and 8% vs. 70.3%, 29.2% and 19.4% at 1, 3 and 5 years, P = 0.016) were worse in the emergency group. This data suggested that the ruptured HCC tumours were advanced at the time of presentation with probable micro-metastases. Although the median overall survival time was longer in the emergency group, the absolute numbers in this group were small which might skew the data and give a false survival advantage in the emergency group.
There were several limitations in this study. This was a retrospective analysis of patients with ruptured and resectable HCC managed at a single tertiary referral centre. The absolute number of patients was low given the rarity of rupture HCCs, although all eligible patients for analysis were included. There was selection bias in determining which patients should proceed to interval hepatectomy for ruptured HCC with the prerequisite of satisfactory liver functional reserve and resectable HCCs with curative intent. The heterogeneous nature of patient and tumour characteristics was another potential source of bias. Furthermore, the departmental database focussed on patients who underwent hepatectomy, and consequently, the data and clinical outcomes for patients who had ruptured HCC but were not subjected to hepatectomy (i.e. managed with TAE only or best supportive care) cannot be retrieved for analysis.
In conclusion, this study showed the feasibility of emergency or interval hepatectomy for highly selected patients with ruptured and resectable HCC. Although patients in the emergency hepatectomy group had larger tumours, worse pre-operative Child's grading and greater intra-operative blood loss, the recurrence-free and overall survival rates were similar in both groups. Hepatectomy should be considered for ruptured HCC provided the patient could tolerate curative resection and have surgically resectable tumours. 
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